What was known before {#section15-2054358118778564}
=====================

Data regarding transfusion rates following more conservative use of ESAs is limited to data from the United States, mostly from billing data and excluding hospitalized patients. There are few data addressing the reasons for transfusion and no data evaluating associations with transfusion probability. There are no data about the age of red blood cells transfused in this population. Only 1 US study addresses transfusions during the first 90 days of HD. There are no data regarding transfusion practice in Canada following more conservative ESA therapy.

What this adds {#section16-2054358118778564}
==============

We have a credible estimate of transfusion rates post conservative use of ESA during the first year of therapy in the incident chronic HD population in Canada, divided into the early less stable 90 days and the more stable 90 to 365 days. The indication for transfusion appears based on the Hb value rather than clinical symptoms with mean Hb values less than 80 g/L being the indication. Inpatient initiation of HD is associated with an increased probability of transfusion and/or hospitalization. The association with increased markers of inflammation could be the subject of future research. The age of transfused red blood cells transfused in this population is new data but the clinical relevance is unknown.

Introduction {#section17-2054358118778564}
============

Hemodialysis (HD) patients in Canada received frequent blood transfusions prior to the approved availability of erythropoiesis-stimulating agents (ESA) in 1990.^[@bibr1-2054358118778564]^ A randomized clinical study which compared outcomes among prevalent HD patients randomized to placebo (hemoglobin \[Hb\]: 74 g/L), epoetin alfa with a target Hb of 95 to 105 g/L, and epoetin alfa with a target Hb of 115 to 130 g/L was reported in 1990.^[@bibr2-2054358118778564]^ Among the 40 subjects randomized to placebo, 23 were transfused during the 6-month follow-up compared with 2 of 78 randomized to receive erythropoietin alfa. Quality of life was significantly improved in those treated with ESA.^[@bibr2-2054358118778564]^

Hb targets and the dose of ESA had increased until several studies demonstrated harm associated with higher Hb targets.^[@bibr3-2054358118778564],[@bibr4-2054358118778564]^ This led to changes in Kidney Disease: Improving Global Outcomes (KDIGO) guidelines^[@bibr5-2054358118778564]^ that recommended more conservative use of ESA. The Canadian Society of Nephrology Commentary on these guidelines^[@bibr6-2054358118778564]^ suggested that, with the exception of patients with a history of malignancy, stroke, or recent transient ischemic attacks, the recommended Hb target should be 100 to 110 g/L, with 95 to 115 g/L being an acceptable range.

There was concern that more restrictive use of ESA might lead to increased use of transfusions. Another concern was that older red blood cell (RBC) transfusions might be associated with worse clinical outcomes.^[@bibr7-2054358118778564]^ However, there are no data addressing this in patients requiring hemodialysis.

The majority of data addressing transfusion rates in HD patients are based on claims data from the United States that appear to underestimate the transfusion rate, especially among hospitalized patients.^[@bibr8-2054358118778564][@bibr9-2054358118778564][@bibr10-2054358118778564][@bibr11-2054358118778564]-[@bibr12-2054358118778564]^ There are few data addressing the transfusion rates among incident HD patients during the less stable first 90 days of HD. In addition, few data address the context of a transfusion episode (clinical indication, prescriber, site of transfusion, and the Hb value at which transfusion occurs). There are few data identifying the clinical factors associated with transfusion, and there are no data regarding the age of RBCs transfused in HD patients.

We have conducted a prospective observational study among incident HD patients in Canada between 2012 and 2014. The primary objective was to identify the rate of transfusion of RBC units and transfusion episodes during the first year of therapy. The secondary objectives were to identify factors associated with the probability of experiencing a transfusion episode, describe the reasons for transfusion, and identify the Hb value associated with transfusion episodes. An exploratory objective was to describe the age of RBC transfusions during the first year of HD therapy. This exploratory objective was based on the concerns raised by Zimring^[@bibr7-2054358118778564]^ in 2013 in which the potential adverse effects of the biochemical changes which occur in stored blood were critically reviewed.

Methods {#section18-2054358118778564}
=======

This was a multicenter prospective observational study of incident chronic HD patients in 10 centers in Canada. Screening of all potential patients occurred 21 days (±14 days) after the initiation of HD. Eligibility was determined at the completion of the screening period.

The study protocol was approved by the Research Ethics Board (REB) in each center. The written patient informed consent form, approved by the REB, contained adequate explanation of the aims, methods, anticipated benefits and potential hazards of the study. A signed copy of the informed consent was included in the patient's medical record.

Patients who met the eligibility criteria were enrolled (no later than 6 weeks after the initiation of chronic HD treatment) and followed for up to 12 months following enrollment. Data for the 3 months prior to initiation of chronic HD were obtained by chart review ([Figure 1](#fig1-2054358118778564){ref-type="fig"}). The charts were from the predialysis clinic in each center and were reviewed by the study coordinator in each center. The data collected were predefined and collected in the case report form. This form was reviewed by the study monitor to ensure that all data fields were completed.

![Study design.\
^a^Chart review and data abstraction.\
^b^Collect key information predialysis.](10.1177_2054358118778564-fig1){#fig1-2054358118778564}

The eligibility criteria were adults (≥18 years of age) diagnosed with chronic kidney disease (CKD) and initiating chronic HD, defined as requiring at least 4 consecutive weeks of HD occurring at least twice weekly. Exclusion criteria were acute renal failure, peritoneal dialysis or planning to transfer to peritoneal dialysis within 2 months, living donor kidney transplant planned within 2 months, and receiving chronic HD for more than 6 weeks prior to screening. Patients who planned to transfer to satellite units were excluded for logistical reasons.

Retrospective data for the 3 months prior to the initiation of chronic HD were retrieved by chart review. Prospectively, charts were reviewed monthly and data were abstracted. Where data regarding the reason for transfusion were not clear, the study coordinator in each center followed up with the prescriber.

The data abstracted retrospectively included pre-HD care, transfusion history, use of ESA and iron, and type of vascular access. The data abstracted prospectively included information on transfusion history, indication for the transfusion, Hb value prior to transfusion, monthly routine laboratory data, serum ferritin, ESA prescription, intravenous iron prescription, hospitalization, and death. For each unit of blood transfused, the blood type and age of the RBC transfusion were recorded.

Statistical Methods {#section19-2054358118778564}
-------------------

A sample size of 400 was planned based on the level of precision of ±14 (half width of the 95% confidence interval) around the estimated rate of transfusion per 100 patient-years of exposure. Because of a slower-than-anticipated rate of recruitment, the sample size was truncated to 314 patients, providing 284 patient-years of follow-up. Given the achieved sample size of 314 subjects with 284 patient-years of follow-up, the level of precision around the actual estimated rate is ±14.2.

The rate of transfusion was calculated as the number of units transfused per 100 patient-years of follow-up with Poisson 95% confidence limits. A transfusion episode was defined as one or more units of blood transfused in a 24-hour period. Transfusion rates were calculated for the first 90 days after initiation of chronic HD and post 90 days. The cumulative incidence rates of transfusion were calculated with death as a competing risk.^[@bibr13-2054358118778564]^ Missing data were not imputed.

The age of RBC units transfused was summarized as mean and median age. Summary statistics were also calculated on age of RBC by blood type. A post hoc comparison of mean age by blood type was also explored.

Hospitalization and death were examined for patients with and without a transfusion. Hospitalizations for dialysis initiation or for dialysis access issues within the first week following initiation of HD were excluded. The nonrandomized nature of patients with and without transfusion and the immortal time bias (that a patient cannot be hospitalized or transfused after death) was also assessed using epidemiologic methods^[@bibr14-2054358118778564]^ to adjust for any bias. The cumulative incidence of hospitalization was calculated with death as a competing risk^[@bibr13-2054358118778564]^ categorizing patients as having a transfusion prior to hospitalization or not.

To assess associations of incident transfusion episodes with demographic and clinical characteristics, Cox regression models were fit on time to first transfusion, censoring for death, and end of follow-up. Cox regression was also fit on time to first hospitalization or death including baseline and disease characteristics as well as a time varying covariate for transfusion within 30 days prior to the hospitalization. All Cox models were selected by first including covariates with *P* values \< .1 from univariate models. The variables used in the univariate models are shown in [Table 1](#table1-2054358118778564){ref-type="table"}. Final models were assessed for collinearity and were selected based on the Akaike information criterion statistic.^[@bibr15-2054358118778564]^

###### 

Baseline Demographic and Clinical Data.

![](10.1177_2054358118778564-table1)

                                 Total (N = 314)   
  ------------------------------ ----------------- ------
  Age                                              
   \< 65 y                       152               48.4
   ≥ 65 y                        162               51.6
  Sex                                              
   Female                        110               35.0
   Male                          204               65.0
  Race                                             
   White                         234               74.5
   Asian                         38                12.1
   Other                         42                13.4
  CKD                                              
   Diabetes                      140               44.6
   Vascular disease              52                16.6
   Glomerulonephritis            52                16.6
   Other/unknown                 70                22.3
  Pre-HD care                                      
   Yes                           276               87.9
   No                            38                12.1
  Duration pre-HD care                             
   \< 3 months                   27                9.8
   3-12 months                   42                15.2
   ≥ 12 months                   207               75.0
  Access at initiation HD                          
   AV fistula                    99                31.5
   Semipermanent catheter        171               54.5
   Graft                         14                4.5
   Temporary catheter            42                13.4
  Patient status at initiation                     
   Inpatient                     118               37.6
   Outpatient                    196               62.4
  Prior transfusion                                
   Yes                           57                18.2
   No                            257               81.8

*Note.* CKD = chronic kidney disease; HD = hemodialysis.

A post hoc analysis examining the subgroups of patients who initiated HD as an inpatient versus outpatient was explored using chi-squared comparisons for categorical variables and *t* test for continuous variables.

All *P* values are nominal with no adjustment for multiplicity. All analyses were done using SAS V9.2.

Results {#section20-2054358118778564}
=======

There were 326 patients screened and 314 enrolled in this study constituting the full analysis set. A total of 251 (79.9%) patients completed at least 12 months follow-up. Among the 63 who did not complete 12 months follow-up, 21 died and 15 switched to peritoneal dialysis. Other reasons for incomplete follow-up included 7 kidney transplants, 8 with recovery of renal function, and other categories accounting for the remaining 12 patients.

The baseline characteristics of the study population, the predialysis care, vascular access at initiation of chronic HD, and site of initiation are described in [Table 1](#table1-2054358118778564){ref-type="table"}. The mean age was 63.6 years.

There were 94 (29.9%) patients who received at least 1 unit of blood. There were 383 units of blood transfused during 283.3 patient-years of follow-up. A frequency distribution of units of blood transfused, up to 5 units, is shown in [Figure 2](#fig2-2054358118778564){ref-type="fig"}. An additional 19 patients received more than 5 units of blood, 18 of which were equally distributed over frequencies of 6 to 16 transfusions.

![Frequency distribution of units of blood transfused among patients who received at least 1 unit of blood (n = 94), up to 5 units.\
*Note.* An additional 19 patients received more than 5 units (see text).](10.1177_2054358118778564-fig2){#fig2-2054358118778564}

During the first 90 days, there were 168 units of blood transfused over 76.1 patient-years for a rate of 220.6 (188.5, 256.6) units per 100 patient-years. The transfusion episode rate was 148.4 (122.3, 178.4) episodes per 100 patient-years ([Table 2](#table2-2054358118778564){ref-type="table"}).

###### 

Transfusion Summary by the First 90 Days and Post 90 Days After Initiation of Chronic Hemodialysis.

![](10.1177_2054358118778564-table2)

                                                  First 90 days         Post 90 days
  ----------------------------------------------- --------------------- --------------------
  Number of patient-years                         76.1                  207.6
  Number of RBC units transfused                  168                   215
  Rate per 100 patient-years follow-up (95% CI)   220.6 (188.5-256.6)   103.6 (90.2-118.4)
  Number of transfusion episodes                  113                   130
  Rate per 100 patient-years follow-up (95% CI)   148.4 (122.3-178.4)   62.6 (52.3-74.3)

*Note.* RBC = red blood cell; CI = confidence interval.

After 90 days, there were 215 units of blood transfused over 207.6 patient-years for a rate of 103.6 (90.2-118.4) units per 100 patient-years follow-up. The transfusion episode rate was 62.6 (52.3-74.3) episodes per 100 patient-years ([Table 2](#table2-2054358118778564){ref-type="table"}).

[Figure 3](#fig3-2054358118778564){ref-type="fig"} shows the time to first unit of blood transfused, with death as a competing risk and censored for end of follow-up. The probability of a first transfusion was high during the first 90 days after initiation of chronic HD and decreased thereafter. The multivariate Cox regression model found the only variables associated with the probability of transfusion were increased age hazard ratio (\[HR\] 95% CI) = 1.02 (1.00-1.03) and inpatient status at initiation HR (95% CI) = 2.8 (1.9-4.3).

![Time to first transfusion censoring for death and end of follow-up.](10.1177_2054358118778564-fig3){#fig3-2054358118778564}

Most transfusions were requested by nephrologists (70%) with surgeons and cardiologists accounting for 10% and 5%, respectively. About 65% of the transfusions occurred in the dialysis unit while 35% occurred in an inpatient setting.

The most frequent indication for a transfusion episode was a low Hb value (92.2%) with gastrointestinal bleeding, perisurgical blood loss, and fatigue accounting for 9.9%, 8.6%, and 4.5%, respectively. Cardiovascular symptoms accounted for 2.1%. Some patients had multiple indications for transfusion.

The mean Hb values (SD) prior to the first, second, and third transfusion episodes were 78.6 g/L (11.1), 75.3g/L (10.5), and 75.9 g/l (10.3).

Among the 220 patients never transfused, the proportion prescribed ESA during the study varied between 81% and 85.3% while those transfused had a slightly higher proportion, varying between 88.1% and 94.0%. Intravenous iron prescription, among those never transfused varied between 71.4% and 76.7% compared with 65.9% and 74.0% among those transfused. There were no temporal trends. [Table 3](#table3-2054358118778564){ref-type="table"} shows the mean Hb and mean serum ferritin values at 3 to 12 months follow-up.

###### 

Mean Hemoglobin (g/L) and Serum Ferritin Values (µg/L).

![](10.1177_2054358118778564-table3)

  Month   Hb (g/L)   Ferritin (µg/L)         
  ------- ---------- ----------------- ----- -----
  3       105.9      106.4             349   297
  6       103.7      108.9             490   341
  9       105.6      108.4             451   399
  12      105.7      108.7             504   566

The cumulative incidence of first hospitalization with death as a competing risk is greater for subjects who had received a transfusion than for subjects who were never transfused ([Figure 4](#fig4-2054358118778564){ref-type="fig"}). The Cox regression model showed that the risk of first hospitalization or death is increased with transfusion within 30 days prior to the event HR (95% CI) = 4.6 (2.8-7.5) and inpatient HD initiation HR (95% CI) = 1.44 (1.03-2.01).

![Cumulative incidence of hospitalization with death as a competing risk, categorizing patients as having or not having a transfusion prior to hospitalization.\
^a^n/n represents number of cases for transfused and nontransfused groups, respectively. Patients who had an RCB transfusion after hospitalization (n = 33) are included in the nontransfused group.](10.1177_2054358118778564-fig4){#fig4-2054358118778564}

Inpatient initiation of chronic HD was associated with both the time to first transfusion and time to first hospitalization/death. A post hoc exploration of the variables which differ between subjects initiating chronic HD as inpatient compared with outpatient are shown in [Tables 4](#table4-2054358118778564){ref-type="table"} and [5](#table5-2054358118778564){ref-type="table"}. Patients initiating chronic HD as an inpatient were less likely to have received pre-HD care, and for those who received pre-HD care, patients initiating chronic HD as an inpatient had a shorter duration of care. Patients initiating as an inpatient were less likely to have an AV fistula and more likely to have a semipermanent or temporary hemodialysis catheter ([Table 4](#table4-2054358118778564){ref-type="table"}). Patients initiating chronic HD as an inpatient had lower serum albumin, higher serum ferritin, higher C-reactive protein, and lower Hb values than those starting as an outpatient ([Table 5](#table5-2054358118778564){ref-type="table"}).

###### 

Comparison Between Subjects Initiating Chronic Hemodialysis as an Inpatient Compared With Outpatient.

![](10.1177_2054358118778564-table4)

                                  Outpatient (n= 196)   Inpatient (n = 118)   *P*
  ------------------- ----------- --------------------- --------------------- ---------
  Pre-HD care         No          10 (5%)               28 (24%)              \<.001
  Yes                 186 (95%)   90 (76%)                                    
  Duration (months)   1-3         27 (14%)              38 (32%)              \<.001
  3-12                29 (15%)    13 (11%)                                    
  \>12                140 (71%)   67 (57%)                                    
  Vascular access     Fistula     76 (39%)              16 (14%)              \< .001
  Semi-Perm           96 (49%)    70 (60%)                                    
  Temporary           15 (8%)     15 (13%)                                    
  Other               9 (4%)      17 (13%)                                    
  Prior transfusion   No          176 (90%)             81 (69%)              \<.001
  Yes                 20 (10%)    37 (31%)                                    

###### 

Comparison Baseline Laboratory Values Between Subjects Initiating Chronic Hemodialysis as an Inpatient Compared With Outpatient.

![](10.1177_2054358118778564-table5)

                    n     Outpatient   Inpatient   *P*
  ----------------- ----- ------------ ----------- --------
  Albumin (g/L)     267   34.4         29.3        \<.001
  Ferritin (µg/L)   238   221.2        617.3       .038
  CRP (mg/L)        80    2.0          5.7         .005
  Hb (g/L)          301   97.1         91.4        .001

*Note.* CRP= C-reactive protein.

There were 381 units of blood transfused with a known blood type. The majority were type O (51.2%). The next most frequent was type A (31.2%). The distribution of the age of the transfused blood by unit (all types combined) is shown in [Figure 5](#fig5-2054358118778564){ref-type="fig"}. The mean and median age of the RBC units transfused were 24.9 (SD = 10.0) and 23 days (interquartile range \[IQR\] = 17-33). The mean age of transfused blood type O was 22.1 days (SD = 9.2) compared with all non--type O blood at 28.2 days (SD = 9.1) (*P* \< .001).

![Frequency distribution of age of red blood cell transfusions.](10.1177_2054358118778564-fig5){#fig5-2054358118778564}

Discussion {#section21-2054358118778564}
==========

The transfusion episode rate during the first 90 days was 148.4 episodes per 100 patient-years. There is one other study which addresses the transfusion rate during the first 90 days of HD. Wang et al^[@bibr16-2054358118778564]^ studied older patients undergoing incident HD covered by fee-for-service Medicare in the United States. Between 2011 and 2013, the transfusion episode rate was 148.4 (145.6-151.2) per 100 patient-years. This point estimate is identical to that in our study.

The number of transfusion episodes post 90 days was 62.6 episodes per 100 patient-years. Our data were collected between 2012 and 2014. Data from the United States for prevalent patients have been reported for the years 2005 to 2012.^[@bibr8-2054358118778564][@bibr9-2054358118778564][@bibr10-2054358118778564][@bibr11-2054358118778564]-[@bibr12-2054358118778564]^ The rates have varied from 23 to 43 episodes per 100 patient-years.^[@bibr8-2054358118778564][@bibr9-2054358118778564][@bibr10-2054358118778564]-[@bibr11-2054358118778564]^ These reports have used data from Medicare claims and the authors acknowledge probable underreporting, particularly for transfusions given while hospitalized. Recently, Chertow et al reported a rate of 30 per 100 patient-years in 2005 with an increase to 37 in 2012.^[@bibr12-2054358118778564]^ Wang et al^[@bibr16-2054358118778564]^ showed transfusion episode rates of 87.9, 76.5, and 71.6 per 100 patient-years for days 90-180, 181-270, and 271-360 days post initiation of HD.

The most frequent indication for a transfusion episode was a low Hb value with clinical indications being much lower. Whitman et al^[@bibr17-2054358118778564]^ used adaptive choice-based cognitive analysis to explore decision-making for transfusion of chronic HD patients in the United States. The absolute Hb value was the most important factor, accounting for 29% of decision-making, followed by functional status at 16% and cardiovascular comorbidities at 12%. The reasons for transfusion are consistent with the findings in our study. Some 92% of respondents would transfuse when the Hb value was ≤75 g/L with most providers being averse to transfusion when the Hb was \>85 g/L.^[@bibr17-2054358118778564]^

The impact of allowing Hb values to decrease to 75 to 80 g/L on quality of life was not addressed in our study. Data from the TREAT study^[@bibr4-2054358118778564]^ reported no important difference in quality of life estimates comparing median Hb values of 125 g/L to 106 g/L. The data are not informative for Hb values of 75 to 80 g/L. Reanalysis of the Canadian Erythropoietin Study Group results^[@bibr18-2054358118778564],[@bibr19-2054358118778564]^ showed that correction of Hb values from a mean of 74 g/L to 102 g/L or 117 g/L was associated with statistically significant improvement in fatigue, exercise tolerance, and physical function.

There was an increase in serum ferritin values over time for both those transfused and those never transfused with values \> 500 µg/L in both groups at 12 months ([Table 4](#table4-2054358118778564){ref-type="table"}). The progressive increase in serum ferritin values during the first year of HD is did not differ between those transfused and not transfused. Although we collected data on whether patients were prescribed IV iron or not, we had not collected information on dose and were unable to explore this further.

Initiation of chronic HD as an inpatient was associated with shorter time to first transfusion and first hospitalization. Those who had initiated HD as an inpatient had less predialysis care, and laboratory data suggest increased inflammation in these patients. However, 76% of those initiating HD as an inpatient had received predialysis care and 57% had been referred \>12 months before initiation of HD. The proportion initiating HD as an inpatient was 39.6%, similar to the proportion reported in Canada in 2006.^[@bibr20-2054358118778564]^

Transfusion of older RBCs has been associated with increased morbidity and mortality following cardiac surgery.^[@bibr21-2054358118778564]^ A recent randomized controlled trial^[@bibr22-2054358118778564]^ showed no difference in inhospital mortality between those randomized to receive usual storage time RBC transfusions (23.6 days) compared with those with short-term storage (13.0 days). There have been no studies in hemodialysis patients. However, the biologic changes that occur in stored RBCs might have an adverse effect on HD patients. This includes production of free Hb which can scavenge nitric oxide and production of asymmetric dimethylarginine which is known to inhibit nitric oxide synthesis.^[@bibr7-2054358118778564]^ This could impact HD patients in whom endothelial dysfunction is thought to be due to reduced generation and bioavailability of nitric oxide.^[@bibr23-2054358118778564]^

The mean and median ages of the transfused RBCs in our study were 24.9 and 23.0 days, respectively. There are no other data in the hemodialysis population to which this can be compared. The frequency distribution ([Figure 5](#fig5-2054358118778564){ref-type="fig"}) and the IQR of 17 to 33 shows that many patients received older blood. The adverse outcomes in the observational study of patients with cardiovascular disease^[@bibr21-2054358118778564]^ were in those who had received blood transfusions with the longest quartile of storage time (23-42 days).

The strengths of this study include the prospective observational design with clearly defined transfusion events, reasons for transfusion, Hb values triggering transfusion, and information regarding ESA and IV iron prescription with hemoglobin and serum ferritin values over time. A limitation of the study is that it is hypothesis generating rather than hypothesis testing. We did not collect data on ESA or IV iron dose and were underpowered to evaluate any association between the age of RBCs transfused and clinical outcomes.

In conclusion, the key findings were as follows : Documen-tation of a credible estimate of transfusion rates during the first year of chronic HD with differentiation between the early high transfusion rates during the first 90 days and the more stable period post 90 days; identification of the reasons for transfusion, site of transfusion, and Hb trigger values for transfusion; documentation of the age of RBC transfusions; identification of inpatient initiation as being associated with both time to first transfusion and time to first hospitalization or death; and identification of increased markers of inflammation as being associated with inpatient initiation.

These data will provide baseline information for studies of strategies to reduce transfusion rates and will provide a credible reference for changes over time. Future research could address the impact of low Hb values on quality of life and the impact of identification of patients with increased inflammatory markers during predialysis care.
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